Abstract. Thanks to the excellent tracking and muon identification performance, combined with a flexible trigger system, the CMS experiment at the Large Hadron Collider is conducting a rich and competitive program of measurements in the field of heavy flavor physics. We review the status of b-quark production cross section measurements in inclusive and exclusive final states, the measurement of B hadron angular correlations, the search for rare B 0 s and B 0 decays to dimuons, and the observation of the X(3872) resonance.
Introduction
The Compact Muon Solenoid (CMS) experiment at the Large Hadron Collider (LHC) has a rich and competitive heavy flavor program including measurements of b-quark production, studies of B hadron decays, searches for B baryons as well as measurements of quarkonium and exotic states production. Indirect searches for new physics, such as the rare B In 2010 the CMS experiment has collected an integrated luminosity of 40 pb −1 at √ s = 7 TeV with peak instantaneous luminosities of 2 × 10 32 cm −2 s −1 . The 2011 data taking period was characterized by a steep increase of the LHC instantaneous luminosity. A peak instantaneous luminosity of 3.5 × 10 33 cm −2 s −1 was reached towards the end of the run and the total integrated luminosity recorded was about 5 fb −1 . The main ingredients for the CMS heavy flavor program are di-muon triggers combined with precise tracking and vertex reconstruction capabilities. The flexibility of the CMS trigger system has made it possible to adapt the online event selection algorithms to the increasing luminosity in a prompt and intelligent manner, by making use of invariant mass, decay length, distance of closest approach, transverse momentum, and rapidity in the trigger selection criteria. Due to bandwidth limitation the scope of the CMS heavy flavor program was limited to final states with di-or multi-muons and b-tagged jets.
This article is structured as follows: in Section 2 we summarize the status of b-quark production measurements; in Section 3 we present the measurements of B hadron angular correlations; in Section 4 we review the recent searches for rare B 0 s and B 0 decays to dimuons; in Section 5 we present the observation of the X(3872) resonance and the conclusions are given in Section 6. a e-mail: vincenzo.chiochia@cern.ch
Measurements of b-quark production
Understanding b-quark production at the LHC experiments is important for various reasons. Firstly, cross section measurements are required to test QCD predictions, which have been computed at next-to-leading order (NLO) precision but are still characterized by large scale dependence. Secondly, final states with b-jets represent an important source of background for many of the most interesting physics searches, such as the Higgs boson and extensions of the Standard Model.
Production of b-quarks at √ s = 7 TeV was measured by the CMS experiment in both inclusive and exclusive channels using pp collision data collected in 2010. Inclusive measurements at low instantaneous LHC luminosities were initially done using final states with a single muon [1] , thanks to the relatively low muon trigger thresholds, and with b-tagged jets [2] . These results are summarized in Ref. [3] . More recently, further cross section measurements were carried out using di-muon final states [4] , events with muons plus b-tagged jets [5] , and from non-prompt J/ψ → µ + µ − decays [6, 7] . Differential cross section measurements versus transverse momentum and rapidity were also performed using fully-reconstructed decays of B mesons, such as [9, 10, 11] . In particular, the measurement of the B s production cross section in the J/ψφ decay is an important first step towards establishing the CP violating phase in the B s system. The analyzed integrated luminosity ranged between 6 and 40 pb −1 . J/ψ decays were reconstructed in the dimuon final state and then combined with one or two hadron tracks from the same secondary vertex, or with a displaced tertiary vertex from a K 0 s → π + π − decay. The fractions of signal and background events were extracted from a combined fit to the invariant mass and lifetime distributions, as shown in Figure 1 .
The cross sections, integrated over the measured p T and y ranges, are summarized in Table 1 , along with the NLO QCD predictions obtained with the MC@NLO Monte Carlo (MC) generator. The ratios of measured over predicted NLO cross sections are shown in Fig. 2 . The measurements, probing b-quark production in different kine- We wish to congratulate our colleagues in the CERN accelerator departments for the excellent performance of the LHC machine. We thank the technical and administrative staff at CERN and other CMS institutes, and acknowl- Measured differential cross sections (a) ds/dp B T and (b) ds/dy B compared to the theoretical predictions. The inner error bars correspond to the statistical uncertainties and the outer error bars represents the uncorrelated systematic uncertainties added in quadrature to the statistical uncertainties. Overall uncertainties of 4% for the luminosity and 3.8% for the branching fractions are not shown. The solid and dashed (blue) lines are the MC@NLO prediction and its uncertainty, respectively. The dotted (red) line is the PYTHIA prediction.
p B T ( y B ) bins, and take into account bin-to-bin migrations (< 1%) due to the resolution on the measured p B T and y B . The cross section is affected by systematic uncertainties on the signal yield and efficiencies, which are uncorrelated bin-to-bin and can affect the shapes of the distributions, and by uncertainties on the branching fractions and luminosity, which are common to all bins and only affect the overall normalization. The uncertainty on the signal yield arises from potential fit biases and imperfect knowledge of the PDF parameters (4-7%), and from effects of final-state radiation and mismeasured track momenta on the signal shape in m B (1%). Uncertainties on the efficiencies arise from the trigger (2-3%), muon identification (1%), muon tracking (1%), K 0 S (5%) and B 0 (3%) candidate selection requirements, acceptance (2-3%), dimuon correlations (1-5%) and p B T and y B mismeasurement (1%). The first five efficiency uncertainties are determined directly from data, while the last three are determined by simulation. The largest uncertainties on the efficiency arrise from the K 0 S reconstruction, which is dominated by the 
Measurements of B hadron angular correlations
In the lowest order perturbative QCD momentum conservation requires the b andb quarks to be emitted in a backto-back topology. However, higher order subprocesses with additional emitted partons, such as gluons, give rise to different topologies of the final state b quarks. Consequently, measurements of bb angular and momentum correlations provide information about the underlying production subprocesses and allow for a sensitive test of leading-order and NLO QCD cross sections and their evolution with event energy scales.
The angular correlations of B hadron pairs were recently measured with the CMS experiment using a novel technique based on secondary vertices and accessing for the first time the region of collinear b-quark pair production [8] . An inclusive secondary vertex finding (IVF) technique, completely independent of jet reconstruction, is applied for this purpose. This technique reconstructs secondary vertices (SV) by clustering tracks around the so-called seeding tracks characterized by high three-dimensional impact parameter significance. The four-momentum of the reconstructed B hadron candidate is then identified with the SV four-momentum. The angular separation between B candidate pairs is measured for three different regions of the leading jet p T in the event. The ratios of measured and simulated cross sections over the PYTHIA predictions are shown in Figure 3 . The data lie between the MADGRAPH and the PYTHIA MC predictions. Neither the MC@NLO nor the CASCADE calculations describe the shape of the ∆R distribution well. In particular the collinear region at small values of ∆R, where the contributions of gluon splitting processes are expected to be large, is not adequately described by any of the predictions. In addition, the fraction of cross section in this collinear region is found to increase with the leading jet p T .
Searches for rare B hadron decays
The rare decays B cross section at small angular separation, exceeding the values measured at large R and . The fraction of cross section in this collinear region is found to increase with the leading jet p T of the event.
The measurements are compared to predictions, based on LO and NLO perturbative QCD calculations. Overall, it is found that the data lie between the MadGraph and the pythia predictions. Neither the mc@nlo nor the cascade calculations describe the shape of the R distribution well. In particular the collinear region at small values of R, where the contributions of gluon splitting processes are expected to be large, is not adequately described by any of the predictions.
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−10 [12] , are significantly enhanced in several extensions of the SM, although in some cases the decay rates are lowered [13] .
At the LHC the search for these decays was conducted both by the CMS [14] and LHCb collaborations [15] . In the recent LHCb result, based on 0.37 fb −1 , the number of events in the signal window was compatible with the sum of background and SM signal. The upper limit on the branching ratio at 95% C.L. was 1.6 × 10 −8 and 3.6 × 10 −9 , for the B s and B 0 decays, respectively. The first CMS search is based on 1.14 fb −1 collected in 2011. An event-counting experiment is performed in dimuon mass regions around the B 0 s and B 0 masses. Two additional event samples are selected. A sample of about 17 000 B + → J/ψK + events is used as a normalization sample to minimize uncertainties related to the b-production cross section and to the integrated luminosity. A sample of B 0 s → J/ψφ is used to validate the MC simulation and to evaluate potential effects resulting from differences in fragmentation between B + and B 0 s . More details of the CMS event selection can be found in Ref. [16] of these conference proceedings.
Events in the signal window can result from real signal decays, combinatorial background, and backgrounds which tend to peak in the dimuon mass. The latter are from decays of the type B → hh , where h and h are charged hadrons misidentified as muons. The expected number of combinatorial background events is evaluated by interpolating to the dimuon mass signal window the number of events observed in the sideband regions. The expected number of peaking background events is evaluated from MC and using muon misidentification rates measured from data.
Three and one events are observed in the B s and B ++ and 2 −+ [18] . Despite a large experimental effort, the nature of this new state is still uncertain and several models have been proposed to describe it. The X(3872) could be a conventional charmonium state, a loosely bound D * 0D0 molecule or a tetraquark state. Measurements of the production cross section at the LHC may help in disentangling the nature of this resonance.
First observations of this state at the LHC were reported by both CMS [19] and LHCb collaborations [20] in the decay to J/ψπ + π − , using data collected in 2010. The CMS collaboration performed a measurement of the ratio of the production cross sections for the X(3872) and the ψ(2S ) resonances in the kinematic region defined by p T (X) > 8 GeV and |y(X)| < 2.2. The differences in acceptance and efficiency were accounted for by correction factors determined from Monte Carlo simulations. The X(3872) signal yield of 548 ± 104 events was extracted from an unbinned log likelihood fit to the invariant mass spectrum of the J/ψπ + π − system. The measured cross section ratio is R = 0.087 ± 0.017 ± 0.009, where the first error refers to the statistical uncertainty of the data and the second refers to the systematic uncertainty. The search for the X(3872) resonance was updated using a larger data set collected in 2011 and about 5 300 candidates were observed in 896 pb −1 [21] , as shown in Figure 4 . The CMS experiment has a rich program of studies in the field of heavy flavor physics. The b-quark production cross section was measured in several inclusive and exclusive channels and compared to QCD predictions. Angular correlations of B hadron pairs were measured using a novel technique based on secondary vertices, and accessing the collinear region for the first time. Searches for the rare B s and B 0 decays to dimuons have been conducted, setting stringent constraints on extensions to the Standard Model. In addition, the resonance X(3872) was observed and a preliminary measurement of the production cross section ratio over the ψ(2S ) was performed.
